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Photophysics and Photcchemistry of Pentacarbonylpyridino-tungsten(0)

—

Complexes which Luminesce in Fluid Solution

Alistair J. Lees and Arthur W. Adamson {
Department of Chenistry, University of Southern Calﬁfornia, Los Angeles,

California 90007

Abstract

Luminescence data are reported for H(CO)sL complexes, where L =

4-acetylpyridine, 4-benzoylpyridine, 4-cyanopyridine and 4-formylpyridine,

as solids, and in fluid solution. Photosubstitution quantum yields

(for the dissociation of L) have been recorded for these N(CO)SL

complexes in several solvents using various irradiation wavelengths.

Apparent activation energiesqur the H(CO)SL comp]g;es in E?YEYEIMEQJX?QE§_L N
have been measured from the temperature dependencies of the emission and
photoreactivity processes. Quenching of the emission and photoreactivity

processes are reported for several quenchers; the results are used to

bracket the energies of the emitting state for each complex. Two Tow-

lying metal to 1igand change-transfer excited states are implicated in the
radiative decay prozsss. Possible excited state schemes for these

H(CO)SL complexes ars Ziscussed in accordance with the experimental
observations. Ixcized state absorption and’primary photoproduct spectra
have been recordes far =<n2 H(CO)gL complexes in methylcyclohexane and :

benzene by monitorirz zz:~rigues. A common photoproduct is inferred, :

its spectrum being cio:¢ to that of H(CO)SS, where S denotes solvent, -

following pulse lase~ -otolysis of U(CO)6 as previously reported by us.
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Following initial studies by Strohmeier and coworkers' ™2 the
photochenical behavior of group 6b metal carbonyls and their derivatives
has been the subject of nunerous investigations.s—Z] ﬁany of the early
papers were centéred zround the photolysis of the parent hexacarbonyls
in solution and as rigid glasses. More recently, comventional flash
photolysis techniques hzve provided information about intermediates

produced in these photolyses.22-27

2
0f current in‘cerest“8 is the photochemistry of metal complexes

having low-lying metal o ligand charge-transfer (MLCT) excited states,29'41

particularly substituted mononuclear metal car'bony1s.42°59 Complexes
of the general formula H(CO)SL, where L is an oxygen or nitrogen donor,
have intriguing spectroscopic and photochemical characteristics., In

rigid glasses at 77 ¥ tney luminesce, the emission having been assigned

to either a 3E -+ ]A, lizand-field (LF) transition or a W - L charge-
51,60,61

transfer (CT) transition, depending on the nature of L. The

electrgnic absorption spectra indicate that as L becomes more electron
withcrawing, the CT state lowers in energy, and for various substituted
pyricines as L, has bteen inferred to be the lowest lying state.51 The

@ — L CT state has bee~ shown to be significantly less reactive than the

lcaest LT state for sutstitution of L in N(CO)SL complexes, analogous

to previous findings #or Ru(.‘&H3)5L2+ complexes.zg'34 Therefore, in :
A

tha c2s2s of W(CO).L csplexes where a ¥ -~ L CT absorption is the lowest E

5
enarcy absorption, the rhotosubstitution quantum yield of L in H(CO)SL

is relatively low. C(crrespondingly, the luminescence from w(CO)sL corplexes

in ZPA 3% 77 K was “:.rZ %o shift to lower energy maxima and to show

an increase in emissicn lifetire with increasing electron-withdrawing
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effect of L. This was the case for N(CO)SL complexes where L =
4-ACpyr (4-acetylpyridine), 4-BNpyr (4-benzoylpyridine), 4-CNpyr
(8-cyanopyridine) and 4-FMpyr (4-formy1pyridine).5]

H(CO)SL complexes were not thought to luminesce in room temperature
solutions, presumably because of rapid ligand dissociation and non-
radiative decay to the ground state.

However, recently we have

observed emission from H(C0)5(4-Cprr) in room temperature solution and

the quenching of emission and photosubstitution reactivity by anthrécene.sz

As a consequence, a complete study of the photochemistry and photophysics
of N(CO)SL complexes has been undertaken, the results of which are

reported here.

Results

Synthesis of w(co)sg. H(CO)SL complexes were prepared either directly
(reaction{1))Yor via the tetrahydrofuran compiex, N(CO)S(THF), (reactions

(2) - (3)) according to a literature procedure.s’9

hv

w(CO)6 I N(CO)SL + C0 (1)
Ar purged
methylcyclohexane
h,
w(co), Wged W(CO)(THF) + CO (2)
THF

W(C0) 5( THF) —4a

) W(Co) L + THF (3)

| T I A R P SO RN GRS TR 1 R A Yt R RS P nn

Ty O A g TIPS <Py

»»»»»



| |
Reaction {1) was used to prepare W(CO)5L, where L = pyridine, piperidine,
diethylrethylanire, triethylamine, 2,4,6-trimethylpyridine, 2-acetylpyridine,
4-acetylpyridine, 2-benzoylpyridine, 4-benzoylpyridine, 4-cyanopyridine,
4-formylpyridine, acetone, diethylether, ethanol, and 1-pentene. A

major Timitation of this procedure, however, is that during production

. s "

of W(CO)SL seccndary photochemical reactions can take place which may
lead to other subctituted products. The route involving prior photogeneration
of the tetrz"s2rofuran complex, W(CO) (THF) (reactions (2)-(3)), has considerzble

precedence, as it largely avoids secondary photolysis products. Reactions

(2) - (3) were used to prepare H(CO)SL, where L = pyridine, piperidine, i
4-acetylpyridine, 3-benzoylpyridine, 4-cyanopyridine and 4-formylpyridine,
and the products were isolated as solid complexes.

Electronic Absorption Spectra. Absorption spectra in the 300 - 6C0

!
n?"region for N{CO)5(4-Aprr), H(C0)5(4—8prr), H(CO)5(4-Cprr), !
H(CO)%(J-FHSyr} -and H(CO)6 in methylcyclohexane are shown in Figure la. |
A comparison of the absorption spectra of W(C0)5(4-Cprr) in methylcyclo- :
hexane and i:1 {5y volume) methylcyclohexane/benzene is illustrated in

Figure 1b. Abscrption spectral data for the complexes studied are

summarized in Tabie 1.

Lynin2czerze Tata, Corrected emission spectra for w(CO)5(4-Aprr),
th?)sfi-Eﬂ:;r}, H{CO)5(4-Cprr) and H(C0)5(4-anyr), as solids, and in
mzthyicyclorevare and benzene at 298 K are shown in Figure 2. The band
~axima ard lu-inescence quantum yields are summarized in Table II. The

enission ¢zat<ra at 298 K were found to be independent of excitation wavelength;

the emisziar fro- H(CO)5(4-Cprr) was also determined in methylcyclohexane




using 530 nm excitation from the Nd glass laser and was the same within

experimental error to that shown in Figure 2. For W(CO)_{4-Clipyr) in a

5
methylcyclohexane glass at 77 K the emission spectrum and emission

lifetime recorded following 353 nm excitation was as reported previous]y.S]
Emission was not observed from the glass using 530 nm excitation.

Very weak emissions were observed in the 500 - 600 nm region following
pulsed excitation at 253 nm of 5x10'5 - 2x10'4 M solutions of H(CO)SL in
methylcyclohexane at 298 K, where L is pyridine, piperidine, diethyl-
methylamine, triethylamine, 2,4,6-trimethylpyridine, 2-acetylpyridine,
2-benzoylpyridine, acetone, diethylether, ethanol, and 1-pentene.

The emissions from these solutions followed the Nd laser pulse, that is,
the 1ifetimes were less than 10 ns.

5

The relative emission intensity of 5.5x10°°M w(C0)5(4-Aprr) in

methylcyclohexane as a function of temperature was measured using 353 nm

excitation. The relative emission intensities at 278, 283, 282,7293, 298~ -

and 303 K are 5.9, 6.3, 7.1, 7.4, 7.7 and 8.5 respectively; the least
squares Tine, In I = A exp (-E*/RT), corresponds to an apparent activation
erergy of 2.4 + 1 kcal =017

Emission 1ifetimes (:) recorded from W(CO)5(4-Aprr), H(CO)5(4-Bprr),
H(C0)5(4-Cprr) and W'C )5(4-FMpyr) as solids or in solution as a function
of temperature are rzzsr<ed in Table II1. Emission lifetimes were
observed to be the sz:-: “5liowing either 353 nm or 530 nm excitation.
Plots of In 1/1 vers.is 1/7 give good Arrhenius behavior for the solid
complexes and the sol.="::: studied, the least-squares line being 1/t =
A exp (-E*/RT), R in kzzi: -z apoarent activation energies (E*) and

frequency factors (3, zre shown in Table IV. The activation energies

are estimated t- -2 2 -z -z ta - 1 hcal mo]'],
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The luminescence of 1.4x10'2 M benzophenone and 2.5x10°] M biacetyl

5

was gquenched by 2 - 5x10° "M W(C0).(4-ACpyr), 1(C0)g(4-BMpyr), 1{C0)(4-Chipyr)

5(
and H(CO)S(FMpyr) complexes in solution. Emission spectra at 293 K were
recorded from solutions of (a) 1.4x1072 M benzophenone in benzene and

5)1.4x10"% M benzophenone with 4.9x10™°

M H(C0)5(4-Aprr) in benzene
using 353 nm excitation. At these solution concentrations, excitation at
353 nn can be assumed to be entirely into benzophenone. The intensity of
the enission spectrum obtained from{a) is 3.2 times that obtained from
£}, correcting the latter spectrum for the inner filter absorption by

the H{C0)5(4-Aprr) complex. Emission lifetimes of the benzophenone
enission were recorded from these solutions using 353 nm excitation and
were found to be (a)8 us and (b) 2.5 us respectively. Using the Stern-
Yolrer equation: 1°/7 =1 + qu° [Q], where t° is the lifetime in the
absence of quencher, T is the lifetime with quencher present, and [C] is
the guencher concentration, the bimolecular quenching rate constant kq

is calculated to be 5.6x10° M 's™!,

Emissions from 5-8x10-5 M solutions of H(CO)5(4—Aprr), W(C0)5(4—8prr),
K(33}5(4-0prr) and U(CO)5(4-FMpyr) in methylcyclohexane were quenched
bv the presence of 5x10'3 1 anthracene, 9-methylanthracene and

1,2-tenzanthracene, Emission from 5-8x10'5M solutions of H(CO)5(4-Aprr),

......

{4-BNpyr), U(CO)S(4-Cprr) and H(CO)S(A-FMpyr) in benzene was
¢.z2n2ned by the presence of 5x10-3 M acenapthaquinone. Emission quenching

5

w25 not observed from solutions of 5-8x10 ~ M w(C0)5(4-Aprr),

Hf:f)5(4-Bprr), N(C0)5(4-Cprr) and N(CO)5(4-FMpyr) containing 5x1o’3 M
¢rrssere, coronene, benzil, fluoranthene and 1,2,5,6-dibenzan-

<-racene. The quenching of the emission lifetime of H(CO)S(A-CNDyr)

>v zntnracene follows Stern-Volmer kinetics and is shown in Figure 3. The

siczce k_ corresponds to a bimolecular quenching rate constant of

9 -1 -
.04 n ]5 1.
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_ Photosubstitution ®ezctiviiy. Figure 4 illustrates the spectral

sequence accompanying *~z 35 nm irradiation of a) N(CO)5(4-Aprr) in
methylcyclohexane and b} H(CG)5(4-Bprr) in methylcyclohexane, showing
progression to near zero ‘er~inal absorbance in the 450 - 500 nm region.

Before photolysis 0.05 ' e:hanol was added to each solution; the product

in each case is u(CO)5 f57352H), apparently uncomplicated by side or subsequent

reactions. Quantum yields [:) for this photosubstitution reaction have

’

been nmeasured for W{CO).(=-Clpyr) as a function of solvent and temperature

5
and are reported in Tabie V. Plots of 1n o versus 1/T for W(C0)5(4—Cprr)

solutions show goel Arrhenius behavior, the least-squares lines

. e . -1
cerresponding to apparent zctivation energies of 7.9 + 1 kcal mol

(methylcyclohexane), 7.2 - 1 kcal mo1-] (iso-octane) and 7.6 + 1 kcal mo]']
(benzene). The temperat.re Zesendencies of quantum yields for w(CO)5(4-Aprr)
and H(CO)5(4-Bprr) in ~zt-ylciclohezane containing 0.05 M ethanol are

reported in Table VI. Tre <zta for W(CO) (4-ACpyr) and w(éois(iléﬁﬁ}éiwf”"*
showed good Arrhenius terzvicr, corresponding to apparent activation
energies of 7.9 + 1 kecai 731'] and 7.5 = 1 kcal m01'1 respectively. An
early loss of isosbes*ic zzi-is was cbserved on photolysis of N(CO)SL
solutions not containi~z &% Teast 0.325 M entering ligand. It was

noted that therec was a "z2:2« ¥ Zdaperdence of both the photosubstitution

quanrtun yield and emicsisr Ti7z<%re on the ethanol concentration in
the 3.025 - 0.1 M rarges: f-:z7:z27i-; trail ethanol is not a quencher in
dilute solution and coz: :_7.2":2 Zcmpietely the photochemically produced
H(CO)s intermediate . “.:-7.~ ‘eld data were not obtained for
u(CO)5(4-FMpyr) in met~. 1. i 2y ine tecause of thermal reaction.

The photosubstit.ziz= ~23ztivity of 5.5x107°M W(CO)(4-Chpyr)
in methyleyclohexarz <. -7:7ri~2 5,25 ! ethanol was recorded at two other

. T IR B S UL £ . 3 O P

o PV .

. st AR




irradiation wavelengths, =33 rm and 520 nm. At the 520 nm
irraZiation wavelength, the yield is temperature dependent, the values
at 233, 222, 293, 2358 and 273 X are 0.011, 0.013, 0.016, 0.021 and 0.026
respectively. These cata show good Arrhenius behavior, the least-squares
line corresponding o an apparent activation energy of 7.6 + 1 kcal mol']
At the <30 nm irradiation wavelength, the yield is temperature dependent,

the values at 283, 283, 223, 295 and 303 K are 0.085, 0.099, 0.110,

0.120 an2d 0.133 respectively. The least-squares line of an Arrhenius
1

type plot corresponds to an apparent activation energy of 3.2 + 1 kcal mol .

Quenching of the photosubstitution reactivity of W(CO)_(4-CHpyr)

5
with anthracene was observed using 520 nm irradiation wavelength, near
that used in recording tte 1ifetime quenching data. A Stern-Volmer

type plot of :°/:, where superscript zero derotes absence of quencher,

is linear against anthracerz concentration (see Figure 3). The slope

is comnon with the lifetire data, within experimental error, corresponding

to a biralecular ra*e consant of 4.0x109 M']s'1

» about the diffusion
controlled Timit.

Quenczrir; of the srotosutstitution reactivity of w(C0)5(4-Cprr)
with-anthraceﬁe was 21sc oiserved using 430 nm irradiation wavelength.
Quantun yields were recoried over the first 5% of reaction; this largely
avoids a cuiid-up of *he cnitogroduct H(CO)S(OEt) which absorbs at this
ta. TF

wavelisng 2 23 not obey Stern-Volmer kinetics

(see Figure 3).

Excjssd Stzte Lheerzti-- ard Primary Photoproduct Spectra. Following
353 r= zulse excitaticr of -2.1377H H(CO)5(4—Aprr), H(CO)5(4-Bprr) and

H(CO)S(J-CK;;rj in ~e4-.7:.2 " 2"exane and benzene the transmitted

meriterir: fex— srtowzd z- irsiantaneous deflection from Vo to Vin’ that

S D o b enhetme e a R T B it el a0
hd
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irradiation wavelengths, <3 rm and 520 nm. At the 520 nm
irreaZiation wavelength, tre yield is temperature dependent, the values
at 233, 222, 253, 2353 and 273 X are 0.011, 0.013, 0.016, 0.021 and 0.026
respectively. These data srow good Arrhenius behavior, the least-squares
Tine corresponding %o an apparent activation energy of 7.6 + 1 kcal mo]'1
At the 230 mx irradiation wavelength, the yield is temperature dependent,
the values at 283, 223, 223, 255 and 303 K are 0.095, 0.099, 0.110,
0.120 an2 £.133 respectively. The least-squares line of an Arrhenius
type plot corresponds tc apparent activation energy of 3.2 + 1 kcal mol
Quenching of the protosubstitution reactivity of H(CO)5(4~Cprr)
with anthracene was observed using 520 nm irradiation wavelength, near
that used in recording the 1ifetime quenching data. A Stern-Volmer
type plot of :°/:, where sugerscript zero denctes absence of quencher,
is linear ajainst anthracerz concentration (see Figure 3). The slcpe
is comnon with the lifetire data, within experimental error, corresponding
to a biralecular rate consiznt of 4.Ox109 M’]s'1, about the diffusion
controlled linit.

Quenzhirg of the protosutstitution reactivity of H(CO)5(4-Cprr)

with anthracen~e was

[s1)

1so otserved using 430 nm irradiation wavelength.
Quantun yields were recoried over the first 55 of reaction; this largely
avoids a cuiid-up of ke tnitcrproduct H(CO) (OEt) which absorbs at this

2 not obey Stern-Volmer kinetics

Excited Stz2e f5¢c-ntic- ard Primary Photoproduct Spectra. Following

353 rmopuise axcitetion oF l-i-?J'SH N(CO)S(A-Aprr), H(C0)5(4-Bprr) and
H(CO)S(h-C\~xr in ~es-,iz.272hexane and benzene the transmitted

menitorir; -ea~ srowed =z irstantaneous deflection from V0 to vin’ that

-1




is, either an increase or cecreasc which followed the 20 ns laser pulse.
Here, V denotes voltage et the oscilloscope signal from the photo-
multiplier. A measurably slow change then occurred, in which Vt’ the
intensity at time t after the pulse, either increased or decreased to

a final value V_. The irstantaneous and relatively slow deflections are
assigned to excited s*ta%z z:tsorption (ESA) and the formation of primary

photoproduct (PP) resrpeczively. The extinction coefficients of the

excited state absorpticn 2nd the primary photoproduct were calculated

using equations (4) anc ‘Z}.

log]O vo/vin + 0.9 Do

CESA 53¢ (4)
Q
" T
_ i ]OQ]C 'o/‘: + 0.9 D0
PP SRER (5)

Co is the concentration 57 the complex, and Do is the optical density

il

at the monitoring wavelenzth, Equations (4) and {5) correct for the

s

monitoring geometry fsse Ixcerimental). The actual degree of photolysis

by a single laser pulse wzs essentially 100% in the monitoring volume.

5(4-Aprr),

U(C0)5(4-8prr) and 02 ."2-Clipyr) in methylcyclohexane and benzene

are shown in Figqurce 2, 7-2 Zzray of the excited state absorpticn for

any of the H(CO)SL ccm:'=e235 was observed to be a single exponential, equal
within experimental zrr:r ¢ the emission lifetime reported in Table III.

The absorption spactra o< ir2 primary photoproducts following excitation

of W(CO)c(4-ACpyr). W(TT . 1-2%pyr) and w(co)5(4-C“pyr) in methyleyclo-

hexane and benzene are <-:..~ in Figure 6.
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Ciscussion

Electronic 2tscr-<izn Soectra. The absorption spectra shown in

Figure 1 show two cdissinzt absorption maxima (both with ¢ > 5x10° 1 e ™)
for each of the H(CO)sL co~plexes in methylcyclohexane. The higher '

energy absorption bar2 ~zxira at 403 nm (: 2 nm) are essentially !1

unshifted by variations in the nature of the substituent on the pyridine

ligand and the solvert —2dium (see Figure 1 and Table I). The lower

energy absorption tz~Z ~2xi~a are observed in the range 435 - 470 nm
3 and their positionsilliisirate an extraordinary dependence on the nature

of ligand substituent zn2 the solvent medium (see Figure 1 and Table I).

As the nature of the pyridine ligand substituent becomes more electron

withdrawing, that is, 2s one rmoves from L = 4-ACpyr to L = 4-FMpyr, the

band undergoes a red shift. In a more polar solvent medium the band

appears to reduce in int:zrsity end to blue shift; for the solvents

benzene, tetrahydrofurar znd ethanol, this band progressively overlaps

with the high energy trz-sition and their maxima becomes indistinguishable
(see Table 1). These z=sorption tands at ~ 403 nm and 435 - 470 nm have been

1 4.2, 1.,3. 2 1
A](e bz)» E(e b,"a, )

previously assignez =z z Tizzni-field (LF)
transition and a w2321 < licand crarge-transfer (MLCT) transition
respective]y.S]

Heaker absorzti-n~ o= zre zoserved in the W(CO).L spectra shown in

5
Figire 1. The me~f-z :7 - ZIl r= and shouldersat ~ 370 nm do not shift

appreciably with var < 1= pnyridine ligand substituent and the
solvent polarity. 7Tres:z :-:2-:27i:~ tands are assigned as ligand-field
transitions. Tre lc. z-:z--. -1 . iZors to the 435 - 470 nm bands are

sensitive to cha- ir trz -3t-2 of ligand substituent and solvent

polarity. This a fte,in Tre fsJ - 520 nm range, is therefore

again assigned as ¢ ~=7:. 0 Ticand crarge-transfer transition. The
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use of spin multiplicity designations has been avoided in these assignments
because there is expected to be substantial coupling of spin and orbital
angular moments for such heavy transition metal complexes.

The energy of an excited state formed immediately following the
adsorption process can be approximated from the long wavelength tail
:0_0 of a broad-band absorption. We have assumed the absorption bands in
the N(CO)SL spectrum %5 be gaussian in shape. and have taken the

transition to %e at JSi’ where absorption intensity at v, = (0.05)

0-0 5

(zbscrpticn intensity at ;max)' From the electronic spectra of the
H(CO)SL complexes, where L is 4-ACpyr, 4-BNpyr, 4-CMpyr and 4-FMpyr in
methylcyclohexane, iso-octane and benzene the positions of the LF
transition GS% are estinated to be 22.6 + 0.4 kK. From these electronic
spectra the positicrs of the MLCT transitions are estimated to be at

19.5 + 0.4 kK and 18.5 - 0.4 kK.

Luminescence Data. Luminescence with quantum yields of the order
4 -3

0f 107" - 10°° was observed from H(CO)SL complexes, where L is 4-ACpyr,
4-BNpyr, 4-CNpyr and 4-FMpyr following excitation in fluid solution
{see Figure 2 and Table 1I). These results are the first of their kind
obtained from group 6b metal carbonyl complexes. Very weak emissions
w#ith decays which were immeasurable on our apparatus were observed

‘rom other H(CO)5L complexes in fluid solution, where L is pyridine,
tireridine, dietrylrathylamine, triethylamine, 2,4,6-trimethypyridine,
2-acetylpyridine, 2-berzoylpyridine, acetone, diethylether, ethanol and
1-rentene. The rore electron-withdrawing substituents give rise to
jcwer energy 'nCT excited states; when the ligand substituent is the

ecetyl, benzoyl, crsano or formyl groups and in the para position on

tke pyridine, the ML{7 excited states move below the LF excited state.

O o R
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The N(CO)SL complexes which have MLCT excited states as the Towest

energy absorption features (see Figure 1, Table I and reference 51) exhibit
measurable luminescence and relatively long radiative decays in fluid
solution. These observations support thosemade previously for N(CO)SL
complexes in EPA g]asses.S]

Solvent effects for the H(CO)SL Tuminescence are also noticeable.
For the non-polar sclvents studied, the emissions were generally of
greater yield and with lcnger lifetime compared to the more polar
solvents. For the H(CO}SL conplexes in tetrahydrofuran and ethanol,
the luminescence was very weak and the emission lifetimes were relatively
short. These effects are attributed to an increased rate of nonradiative
decay from the excited state of H(CO)SL in the more polar solvgnts. As
a result of thermal sutstitution reactions of the N(CO)SL complexes in
tetrahydrofuran and ethanol, lifetime data were not obtained for temperatures
above 283 K,

The pattern for our H(CO)SL series is that if the MLCT absorptions
1ie below the first ligand field absorption, emission of relatively
Torng lifetime is observeZ. As a caution against generalization, the
complex N(CO)S(benzo[:]cinnoline) showed no detectable emission, yet has a
MLCT absorption at 532 r— in n-hexane so]vent?5 or well below the energy
of such atsorptions in cur series. The benzo[cJcinnoline ligand

; crmanT. s o . 5
is presumaly coorzZirz:zd through gne of the nitrogen atoms. 2

N=N

a 2

e PPP” ~ R aor- i g+ S
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It is ro- clear why this ccmplex behaves differently from those of

our seriss, Su® it may te relevant that the 538 nm MLCT band does not b
show @ lcng wavelength sroulder, while our series of complexes do. 4

The energy of an e-itting state can be approximated from the short ﬁ
wavelenzth tail of the erission spectrum. Ve have assumed the emission F
band fre~ & H(CO)SL co-piex to be gaussian, and have taken the 4
Go-o transition to be 75}, where emission intensity at 657 =(0.05) :
enissiocn intensity at ;fax)' The positions of the emitting state () ) :
for the H’CC),L corplexes, where L is 4-ACpyr, 4-BNpyr, 4-CNpyr and !

4-Fpyr in rethylcyclorexzne and benzene were thus estimated from the
enission spetira of Figure 2 to be 19.6 « 0.4 kK in each case. This value

is egszl within experi-enzal error to the 50_0 of the higher energy MLCT

j absorpiion; the emission is therefore assigned to this transition for
vi each of tre H(CO)SL corplexes. The MLCT excited state which was estimated
) to have zn energy of 12.2 - 3.4 kK has too low an energy to be the
enmitting state.
The luninescence data'that was obtained from the w(CO)sL complexes
in sciutizn was observed to be the same following either 353 nm or 530 nm

excitaticn zulses. Tke zulse energy of 530 nm excitation corresponds
o 12.% «¥, too loa to cz-ulate the MLCT excited state at 19.6 + 0.4 kK.
[t s z33.-22 that ther~z2]l energy is required from the solution to

Jruizte tris state. Fowever, at glass temperatures very little energy :

devabsal i

will 2 2,21%z251e 0 tra excited H(CO)SL molecule from its environment
arg excitzzicrn at 530 n~ sheuld not produce the emitting state. This we

corfir—2z &y exseri—ent; H(C0)5(4-Cprr) in a methylcyclohexane

glass 2z 77 ¥ was cbsemved to luminesce following 353 nm excitation,
but ro Tu-inescence wzs chserved following 530 nm excitation. This is
further evicence that i< is the higher-energy MLCT excited state that is

the e~izting state,
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The apparent activation energy for the emission intensity of
H(CO)S(A-Aprr) in methylcyclohexane is 2.4 + 1 kcal mo1'], and equal to
the mean of the apparent activation energies obtained from the temperature
dependence of the emission lifetimes for the W(CO)SL complexes in solution
(Table IV). This activation energy, within experimental error, corresponds
to the energy differences assigned between the low-lying MLCT excited
states. Furthermore, the emission intensity increases and the emission
lifetime cdecreases as the solution temperature is raised, behavior which
is uncharacteristic of a single emitting state. These results imply
that the higher-energy MLCT excited state (the emitting one) is thermally
populated ty the lower-energy MLCT excited state for the H(CO)SL complexes
which luminesce in fluid solution.

Quenching experirents were undertaken to bracket the energies of
the excited states of H(CO)SL. where L is 4-ACpyr, 4-BNpyr, 4-CNpyr and
4-FMpyr. These H(CO)SL coriplexes were observed to act as quenchers at
approxinately diffusion controlled rates for the phosphorescence of
benzophenone 2nd hiacetyl.  The triplet energies (ET) for
benzophencre ard Siacetyl are 24.0 kK and 19.2 kK respective]y.63
Assuﬁing that the guenching process is energy transfer, this places the

energy of the cuenching excited state of W(CO)_.L as g 19.2 kK. The

5
H(CO)SL e~issicn was also guenched by several anthracenes, which strongly

suggests thzt erersy trensfer is the quenching mechanism. W{CO)_.L

5
emissions were zuerzhed by anthracene (ET = 14,7 kK),64 9-methylanthracene
£
(ET = 16.2 k¥%},”” 1,2--anzanthracene (ET = 16.5 kK)64 and acenaphthaquinone

£5

(ET = 17.6 %), rct 5y 1,2,5,6-dibenzanthracene (ET =18.3 kK),64
fluorantterne (ET = 2.5 kﬁ),e; benzil (ET
191 kK)s’ or cnrysene (ET =29.0 kK).64 These results bracket the energy

e d

d

wr

= 18.8 kK),63 coronene (ET =
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of the quenchable excited state of w(c0)5L to be 17.9 - 13.3 kK. The

data imply that it is only the lower-energy MLCT excited state (18.5 + 0.4 kK)
thich is involved in the energy transfer mechanism.

The quenching of the emission lifetime of w(C0)5(4-Cprr) follows
Stern-Volmer kiretics (Figure 3) with a bimolecular quenching rate
constant approaching that of the diffusion controlled limit.

Photosubstitution Peactivity. Photodissociation of ligand (L) has

been shown to be the ~ost efficient chemical process over our excitation
15,51,57

region (equation (£},

, hv !
N(CO)SL W H(CO)S(CZHSOH) (6)

In the presence of an excess of entering ligand eg. 0.025 - 0.1 M ethanol,
the photosubstitution reaction appears to be uncomplicated by side or
subsequent reactions. Figure 4 illustrates the spectral sequence

accomparying the 263 rm photolyses of H(CO)SL complexes, showing a clear

o e A IRV A W AN

progression to near zero terminal absorbance in the 450 - 500 nm region.

The quantum yields, -, determined for the reaction (6) are Tisted in

Table Y. The low values are consistent with results reported for
substituted pyridinz 1izznds of this type;s] this seems to be characteristic
of the case where -z “_I7 state lies telow the LF state. Quantum yields

for comolexes in wnicn <-2 LF state is lowest in energy are significantly

higher.51

The quantu~ ;ieiz <:- H(CO)5(4-Cprr) undergoing reaction (6), does not
show & solvent cece~dz-z<.  In tatrahydrofuran and ethanol, the quantum
yields for N(CO)S(i-CH:,r) «ere measured at 283 K only since thermal

substitution reacticrs were taking place at higher temperatures. The
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|
lack of dependence of the quantum yield on ethanol concentration is a

f

e ke

good indication that ethanol is not a quencher in solution, and does

scavenge completely the photochemically produced w(CO)S intermediate. {
The quantum yield for H(C0)5(4-Cprr) is temperature dependent.

The apparent activation energies for the photosubstitution quantum yields

at 465 nm of N(CO)5(4-Cprr) in methylcyclohexane, iso-octane and benzene

are the same within experimental error, with a mean value of 7.8 + 1 kcal

-1

mo) Quantum yields for N(C0)5(4-Aprr) and N(CO)5(4—Bprr) were lower

than the above ones at any given temperature (see Table VI), the data 1

corresponding to apparent activation energies of 7.9 + 1 kcal mo1'1 and ‘

~ 5 rwm

7.5 + 1 keal mo]’l respectively. These activation energies correspond,
within experimental error, to the energy difference between the higher
energy MLCT state {19.5 - 0.4 kK) and the LF state (22.6 + 0.4 kK); the
implication is that chenical reaction occurs from the higher lying LF
state, which is insteady-state equilibrium with the emitting LT state.

The quantum yield for H(CO)5(4-Cprr) in methylcyclohexane is dependent

T TR Iy S T Ty

on the irradiation wavelength, being larger following higher energy
excitation. The apparent activation energy following 520 nm photolysis
(7.6.1 1 kcal mo]']) is the same within experimental error to that observed
for the 465 nin photolysis (7.9 + 1 kcal mol']), whereas the apparent activation
energy following 430 r= photolysis (3.2 + 1 kcal mol']) is significantly
lower. Ve attribute “-sse cbservations to direct population of the LF
excited state following 230 nm excitation, which gives rise to substitu-
tion at a competitive raze to internal conversion to the relatively
unreactive low-Tyinc MLCT states. .

The quenching of te chotosubstitution quantum yield of N(C0)5(4-Cprr)
by anthracene at 520 n follows Stern-Volmer kinetics, with a common slope

within experimental errcr to that observed for the emission lifetime

i ‘ 'WWW oA e TR T
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quenching (Figure 3). This result strongly indicates that the emitting

state of H(CO)5(4-Cprr) is implicated in the photochemistry. Quantum
yield quenching reasurecents are also recorded using 430 nm excitation.
The data does not obey Stern-Volmer kinetics (see Figure 3).

The non-linear behavior is further evidence of direct population of the
LF excited state following 430 nm excitation which chemically reacts at
a competi“ive rate to internal conversion to the quenchable low-Tying
MLCT states.

Hhereas the photcreactivity (4) quenching data for w(C0)5(4-Cprr)
in methylcyclohexane is dependent on the excitation wavelength, the
emission lifetinme (<) quenching data can be assumed to obey the measured
Stern-Yolmer type kinetics at any excitation wavelength. The extent
of unquenchrable photolysis at 430 nm of U(CO)5(4-Cprr) in methylcyclo-
hexane is obtainable fron a plot of ¢/¢° versus r/r°,66 as shown in
Figure 7. The intercest gives the unquenchable yield, 33% in this case.
We attribute this yieid to direct chemical reaction through the LF
excited state following 420 nm excitation of W(C0)5(4-Cprr) in methyl-

cyclohexane.

Excited State =~bscrotion and Primary Photoproduct Spectra. The

excited state absorption (ESA) spectra for H(C0)5(4-Aprr), H(C0)5(4-Bprr)
and W(CO)_{<-Clpyr) in rethylcyclohexane and benzene show two absorptions
The ebssrztions decay with the lifetime of the emitting
state. HWe therefore assign the ESA absorption features to be due to
transitions fro~ the ~isrer-erergy MLCT state to high energy excited
states.

The absorption specirz of the primary photoproducts of W(CO)5(4-Aprr),

w(CO)s(l-B%p/r) and Hf:3}5f~-”ﬂpyr) following laser pulse photolysis

are coincicent within esczrirental error in methylcyclohexane (Amax = 428 nm)

R T TN e
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and benzene (\max = 502 =) [(see Fijure 6). For the N(CO)SL complexes
7 - -
0f =___ is 6.7x10° M ! cm 1, and the
max

A
HEe ]

ir. ~ethylcyclohexane, 2 v

f

L

position of the maxi~u— {s within the range of wavelengths reported for
tungsten pentacarbony: scscies generated in low temperature SF6 (461 nm),
Ar {237 nm), Xe (417 — =z-2 CH4 (413 nm) matrices,]3}as well as in the
pulsed radiolysis stucs ir cyclohexane (415 nm).67 Recently, we have
shown that the inter-ecizis produced in the laser pulse photolysis of
‘:.’(CO)6 in methylcyclcorexzr2 2t room temperature is a solvent coordinated
species, H(CO)SS, whicn 1s <ren scavenged by the entering 11'gand.27 The
absorption spectrum ¢f t+is intermediate is the same within experimental

error as that showr ~zrs, whichiwplies that the common primary photo-

product of the M(CG}.L zz-zlzxes is the H(CO)SS species.

Sutrary

Qur results have skzwn *hat the emitting state of the W(CO)SL*ﬂ S

cempiexes is implicates i~ <=z shotochemistry, that is, chemical reaction

occurs from or via this s

.

‘2. Two low-lying MLCT excited states are
irferred, the emitiir; -2 22 15,7 - 0.4 kK, and one which is quenchable

at 12.5 - 0.4 k¥, A L7 zvzi<ed s*2%e at 22.6 + 0.4 kK has been estimated

frem the electronic zvzz-c-+icn szaztra, Possible excited state schewes
for the H(CO)SL c¢molzigr Lmfz- Tomingcce in fluid solution are shown

Schere (a) sFcu: =2 rzziti.c zo:te to be the lowest-lying MLCT state.

.

ne photochemical rzzzw’:- --::.-.20y occurs by dissociation of the \-L

- [N A - - S miar . . .
fon to form a WILL. o i 1T T friarrediate, which is then scavenged by the
entaring Yigand. T .- II-z-I-z:vfn7 reaction must then be activated

t: +re extent of 7.: oo
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Schere {b) preserts zn attractive alternative, in which chemical
reaction occurs from tne LF state lying above the low-lying MLCT states,
and in steady-state ecuiliiriumwith them. The observed activation
energy for tnhe protosubsiitution reaction is now attributed primarily
to the ererzy difference teiween the LF and MLCT states. In this scheme,
excitation leads, throuzh the intersystem crossing, to a MLCT state.

This state is emitting tut not highly chemically reactive. The higher

energy LF state does rez¢t efficiently, but the overall quantum yield is

snall because oF the ccretition with non-radiative decay at the MLCT state.

- . s . . 68-70
The detailed kinetics for such a system have been reported elsewhere.

At higher excitation energies, the LF state is directly populated, and

as a consezuence, the cuzntum yields for photosubstituion are increased.
Similarly, &% higher excitztion energy the W(CO)SL photosubstitution
shows 2 sigrnificantly Jower temperature dependence and the quenching

data do not obey Stern-Yolrer kinetics. This type of scheme (b) has been

proposed to explain the grotochemical behavior of Ru(NH3)5L2+ comp'lexes33

.. 5
as well as for the gresent type of carbonyl complexes. 6,71

It has the
appealing feature of acccunting for the increase in the quantum yield for
photosubstitution for i CC).L complexes, where L is such that the MLCT

absorpticn fands are 2% “is-er energy than the LF one.

Exceri-er+z)

Materials. - Turzeter rzxacarbonyl (Strem Chemicals) was purified

by sudbli-atizn., The Ti:z~Is 2.ridine, piperidine, diethylmethylamine,
triethyla~ir2, 7,2,2-4ri-2-r Tpyridine, acetone, diethylether and

ethang) are ¢cz-ercizi’.s zs2ilable and were distilled prior to use, The
Tigands 1-7e-zere [Tridz- (henical), 2-acetylpyridine, 4-acetylpyridine,

P
T eut

pyridine, 4-cyanopyridine and 4-formylpyridine
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{Aldrich) were used witrcut further purification. Chemicals used in

“guenching experimenss were gbtained from Aldrich and purified as follows:

anthracene (recrystallized from benzene), acenapthaquinone (recrystallized
fron ethanol), 1,2-terzznthracene (resublimed), benzil (resublimed),

benzophenone {recrys:zilized five times from ethanol), biacetyl (distilled

- »

twice), 1,2,5,6-diterzzntAracene (recrystallized from benzene), and
9-methylanthracene {recrystallized from benzene); coronene, chrysene
and fluoranthene wers uszd without further purification. Solvents used

wzre odtained frem MI2 Mzrufacturing Chemists and were OmniSolv grade.

The methylcyclohexane, tzirahydrofuran (THF) and ethanol however, were §
further purified by several distillations, so as to remove emitting ;
jmpurities. Alumina M3 Manufacturing Chemists) and silica gel
(Matheson, Coleman arc 3¢i1) were used as chromatographic sorbents,
Svnthesis of nﬁco)sg - N(CO)SL complexes were prepared in solution
by 313 nm photolysis ¢cf 13'4 M H(CO)6 and 0.1 M L in argon purged - -
retaylcyclohexane (rezcsicn (1)). N(CO)SL compiexes were prepared and
isolated by reacting &£ -ole of photoproduced N(CO)S(THF) with 4 mmol

rp e AP, T A T HC TS s

L in argor purged T-7, .rzactions (2)-(3)). The THF was removed
by rotary evaporatisr znd the solid product was redissolved

in iso-octane an< z.ri<ied by column chromatography on alumina or silica

cel. The rain irpuris =z were found ic be unreacted N(CO)6 and L.

Tlution first was %77 “:i:-cctare uriil the UV absorption features of

H{CO)S could no lgrze- o= Zat:zztsd in the eluant, followed by elution

of “he procduct comptev ot Lenrteracrtoluene. The product was recovered

5y rotary eveccraeticm oo Tustvee purified by recrystallization. The
irfrared and uv-visiz'2 z::cr0%i0n spectra agreed well with those published.S]

Unromatographic eooi 2773, elitisn zjents, crystallization solvents




ard elerental analyses ars given below. ‘ j{
N(:D}sipyridine): alumina, benzene, iso-octane/benzene.
Found: C, 30.1%; H, 1.4%; N, 3.39. 4
Calculated: C, 29.8%; 4, 1.2%; N, 3.5%, g
H(CO)S(piperidine): alu=ina, benzene, iso-octare/benzene,

Found: €, 29.07%; H, 2.7%23 N, 3.7%.

Calculated: C, 29.4+; =, 2.7%;, N, 3.4%.
N(CO)5(4-acety1pyridine): alumina, benzene, n-hexane/benzene.
Found: C, 32.9%; H, 1.23; N, 3.3%.

Calculated: C, 32.5%; H, 1.6%; N, 3.1%.

N(CO)5(1—benzoy1pyridine): alumina, benzene, n-hexane/benzene.
Found: C, 41.0%; H, 1.3=; N, 2.8%.

Calculated: C, 40.3%;

, 1.8%; N, 2.87%,

W(C0).{4-cyanopyridirel: 21unina, benzene, iso-octane/toluene.

o

Fourd: C, 30.3%; H, 1.9%: %, 6.8%.

Calculated: C, 30.6.; 4, 2.9%; K, 6.5%.

H(CO)S(A-formy1pyridine): silica gel, benzere fiso-octane (1:2), iso-
octane/benzene.

Feurd: C. 30.9%; H, Y.1%; N, 3.5%.

Yeted: C, 30.7%; 4, 1.2%; N, 3.3%.

£-.irznt and Procedurss
i T2tails of the laser sho*elysis and monitoring equipment are
72.7% . . : :
descrized elsewhere. Inission lifetimes were recorded using either

frezuency doubled (532 =) ¢or tripled (353 nm) 20-ns pulses from the Nd

glass laser and consiZerel %0 be accurate to = 10%. Emission was recorded

a any single wavelerzz- .ir 500 - 650 nm region) by a Jarrell-Ash Mark 10



nerochromator and detected by an RCA 7265 photomultiplier and Tektronix
Mozel 7534 oscilloscope. Corning glass filters were placed on the mono-
chromator entrance siit <o bliock out the laser light but transmit at
greater than 580 nm. Plcts of log {emission intensity) versus time were
lirzar for all complexes “romt which luminescence was recorded. Excita-
ticn was at 353 nm for ronitoring experiments. For these experiments,
the 1 cn diameter laser Sezm was shaped using a cylindrical lens to

give an irradiated arez ¢f 2x3 mm on the front window of a four clear-

; sicec cell. The ronitoring beam traversed the full 1 cm width of the

irraciation cell, but the excitation pulse was shaped to be 9 mm wide.

Trus the monitoring bsze~ passes through 1 mm of unphotolyzed solution and
9 = of photolyzed solu*ion. The transmitted monitoring beam was reduced
! ortc the slit of the ronccnromator, and exited onto a five-stage RCA
4220 photomultiplier, zzuration effects were avoided by employing a

mecnanical shutter. Typical entrance and exit slits in either experiment

trission spectra a4t 233 K were recorded using a Perkin-Elmer Model

S fluorescence sgzctrophotometer and corrected for the Hamamatsu R262°

+s-ultiplier. Imissicn spectra at 77K were recorded using the Nd

s'z233 laser. Luminescerce guantum yields were calculated using a known

2~

'[3

‘ezar, Ru(bipy)32

~2tolysis experi~z2-is were performed with an [1lumination Industries

~- -

2.7« rediur pressure rz-cury arc lamp. Rolyn Optics Co. and Baird- |

(18]

Zta=iz interference filters (10 nm band pass) were used to isolate

irrzziation wavelengihs at 430 nm, 465 nm and 520 nm. Typical light
74

-~

irts-sities were ’9 T - .J'7 Einstein s'] determined by Ferrioxalate

'225 nm and 520 nm) actinometry. Quantum yield




Jrements were rade for disappearance of starting material in the

ez

wr

2 - 320 nm regicn. They were corrected for the small inner filter
effects due to product formation and changing degree of light absorption
when necessary. Reproducibility was within + 10%.

In the emission, monitoring and photolysis experiments, sample
solutions were filtered immediately before use through a 0.22 um
Millipore filter and transferred to a X1 cm spectrofluorimeter cell.

The solutions were de-2:rated by argon purging for 20 minutes. The '

terperature of the solution in the cell was controlled to 0.1°C by

circulating thermostatted water.

Luminescence data of solid W(CO)SL were recorded using a triangular
cell with the front face at 45° to the exciting light. Conventional
atsorption spectra were obtained by means of a Cary Model 14R and a
Hewle“t-Packard 8450A recording spectrophotometers. Infrared spectra
wers recorded in iso-cctane using a Perkin-Eimer Model 281 spectrometer,

B

Elerental anz i z2: .z2re performed by Analytical Facility,

o

California Institute of Technology.
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Table I

Absorption Band Maxima for N(CO)SL Complexes at 298 K.

L Band Maxima (>, no; (e¢), M? m-])
Solvent
Methylcyclohexane Iso-octane Benzene THF Ethanol

4-ACpyr 404 (9650) 404 (8520) 402 (9810) 398 (9600) 398 (9540)
442 (9590) 440 (8310)

4-3Npyr 405 (8780) 405 (7720) 403 (9530) 398 (9380) 398 (9310)
' 435 (7790) 435 (6870)

4-CNpyr 404 (7280) 404 (6180) 404 (8040) 398 (8390) 398 (8370)
454 (8680) 455 (7810)

4-FMpyr 402 (5990) 402 (5830) 402 (7280) 399 (6940) 398 (6850)
470 (7640) 470 (6850)
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Erissicn Data? for H(CO)SL complexes at 298 K

L Emission Maxima (kK)b Luminescencs Quantum Yield

‘ (x10-4) -

Solid Solvent® Solvent”

Methyl- Methyl-
cyclorexane Benzene cyclohexane Benzene

£-AChur 17.25 16.08 15.90 5.3 1.6
&-Thour 18.75 16.23 16.42 7.7 2.3
4-Choyr 16.80 15.88 15.54 2.2 1.3
G=FMoyr 16.60 15.85 15.38 1.0
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Table 1il Solvent and Te~perature Dependence of Emission
Lifetime for H(CO)SL Complexes
Temperature L Emission Lifetime (us)a
(X) Solid Solvent?
¥ethyl-
cyclohexane Iso-octane Benzene THF Ethanol
278 ¢-ACpyr 1.401 0.554 0.562 0.258 0.057 0.028
4-Bhpyr  1.633 0.521 0.577 0.235 0.043 0.027
8-Clpyr  2.326 C.438 0.435 0.269 0.075 0.034
4-Fllpyr  0.528 0.333 0.359 0.139 0.040 0.025
283 4-Alpyr  1.305 2.519 0.532 0.243 0.048 0.026
4-8Noyr  1.529 5.327 0.520 0.222 0.034 0.025
4-Choyr  2.167 0.2£22 0.385 0.250 0.069 0.031
4-Ftyyr  0.501 0.313 0.341 0.133 0.038 0.023
288 4-ACpyr 1.224 0.456 0.484 0.225
4-Bupyr  1.439 0.533 0.480 0.213
&-Chpyr 2.056 0.333 0.355 0.233
4-Ftpyr  0.489 0.293 0.320 0.124
293 G-ACpyr 1.142 0.457 0.439 0.211
4-8%pyr  1.32% 0.505 0.441 0.199
L-Chipyr 1.944 C.383 0,327 0.219
A-FMoyr  0.462 0.273 0.307 0.115
298 4-ACpyr 1.072 5.2283 0.390 0.197
4-SNpyr  1.269 0.459 0.418 0.190
4-Clhpyr 1.822 3.380 0.297 0.202
4-Fioyr  0.223 2.25) 0.280 0.109
303 4-ACpyr 1.0 0.353 0.352 0.189
4-8Noyr 1,193 0.433 0.384 0.177
4-Chpyr 1.721 2.323 0.269 0.187
4-FMoyr  0.420 2.224 0.256 0.101

a , . . oama
The excitation wavelength is 333 r-.

by_gxio”

5

M de-aerated solutiors.




Table i\ | 3

Apparent Activation Energy, I,* erd Frequency Factor, A, of N(CO)5L Complexes from

Emission Lifzzi~2 Data.
L Apparent Activation Frequency Factor, ;
Energy (kcal fc7'1) A (x]O8 s—]) I
E Sotid Solvent Solid Solvent
lethyl- Methyl-

cyclohexane Iso-octane Benzene  cyclohexane Iso-octane Benzene }
‘ v
j 4-AClpyr 2.2 2.3 2.2 2.2 0.4 1.1 5.8 1.9 T

4-8lpyr 2. 2.5 2.7 1.9 0.3 1.5 2.5 1.2

4-Ciipyr 2.0 1.5 31 2.4 0.2 0.4 6.6 2.9

4-FMpyr 1.6 2.4 2.2 2.2 0.3 2.2 1.5 3.¢

e R < A
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Solvant and Temperature Dezendence of Photosubstitution Quantum Yields for

5-7x10°5 " w(c0)5(4-Cprr) in Solutions Containing 0.05 M Ethanol. Irradiation

Wavelength is 465 nm.

|

Tenperature

Quantum Yield

Solvent
(x) Methyl - Iso~octane Benzene THF Ethanol
cyclohexane
283 0.030 0.030 0.030 0.030 0.029
283 0.038 0.037 0.044
293 0.048 0.048 0.053
298 0.062 0.063 0.061
303 0/074 0.072 0.078
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Table VI '

Temperature Dependence of Protosubstitution Quantum Yield for 5—8x10'5M

H(C0)5(4—Aprr) and N(CO)S(J-Sprr) in Methylcyclohexane Containing 0.05 M
Ethanol. Irradiation wavelerc:i® is 465 nm.

|

}

Temperature Quantum Yield
(k) H(CO)5(4-Aprr) W(C0)5(4—Bprr)
283 0.016 0.014
288 €.020 0.018
293 0.025 0.021
298 0.030 0.027
303 0.040 0.035
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Ficure Lesends

Figure 1

Figure 2

Figure 3

Ligard and solvent effects on the electronic absorption
spectira of H(CO)SL complexes at 298 K.

a) H(CO)SL in methylcyclohexane, L = 4-ACpyr (A),
&-Shzyr (B), 4-CNpyr (C), 4-FMpyr (D) and CO (E).

b) H(CC)5(4-Cprr) in (—) methylcyclohexane and

(-~-) 1:1 (by vol.) methylcyclohexane/benzene..
Corrected emission spectra at 298 K of a) H(CO)54-Aprr,

(b) H(CO)5(4-Bprr), c) H(CO)5(4-Cprr) and d)
> M

) solid, (----- ) 6-8x10"

W(CC)SL in methylcyclohexane and (—:—) 4-6x‘l0'5 M

M(C0) 5 (4-Fitpyr); (

H(CO)SL in benzene. Excitation wavelength is

4C0 nm.  Intensities are scaled arbitrarily to make
naxi—a egqual.

Quenching of 7.5x107° M H(C0)5(4-Cprr) processes

at 222 ¥ by anthracene in methylcyclohexane containing

3

0.C2 M ethanol. (0, t°/71, 0, ¢°/¢, &, ¢°/¢).

Excizzzion wavelengths are 0 530 nm, [ 520 nm and

g -

IRV tia N

(A3}

Y
i

goircnic absorption spectral changes accompanying

tre 225 nm irradiation (equal time intervals) at

5

237 ¥ of a) 5.4x10 7 M W(CO).(4-ACpyr) and b)

£
N 5
£.2.1377 H(CO)5(4-8prr) in methylcyclohexane.

st- ::iutions contain 0.05 M ethanol, the entering
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Figire

Figure 7

Figure 3

\

\

Excitel-state electronic absorption spectra at
232 v of O '.:(co)s(-:-Aprr),u W(C0)g(4-Blpyr) and

) in a) methylcyclohexane and b)
benzene.
Trarsient electronic absorption spectra at 298 K
follcwing laser pulse photolysis of 0 H(C0)5(4-Aprr)
] H:C3)5(4-33pyr) and A N(C0)5(4-Cprr) in a)
netrvicyclohexane and b) benzene.
Test for unguenchable photolysis of w(C0)5(4-Cprr)
in —ethylcyclohexane. Quencher is anthracene.

Energy v's distortion diagrams for U(CO)SL. Heavy

horizortal lines represent thexi (thermally equilibrated

excited) states. Light horizontal lines represent
successive complex-solvent cage energies as a
vibrationally excited state relaxes to its thex%
state {only a few of the lines are shown). Heavy

vertical lines denote radiative processes, wavy

Tines Zercie non-radiative processes.
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